REMARKS 

Applicant requests favorable consideration and allowance of the subject application in 
view of the preceding amendments and the following remarks. 

To place the application in better form. Applicant submits herewith a substitute 
specification, which includes a new abstract. For the Examiner's convenience, also provided is a 
marked-up copy of the original specification showing the portions thereof which are being 
changed. The substitute specification includes the same changes as are indicated in the 
marked-up copy. Applicant's undersigned attomey has reviewed the substitute specification and 
submits that the substitute specification contains no new matter. 

Claims 21-26 are presented for consideration in lieu of claims 1-20, which have been 
canceled without prejudice or disclaimer. Claims 21, 25 and 26 are independent. Support for 
these claims can be found in the original application, as filed. Therefore, no new matter has been 
added. 

Applicant submits that claims 21-26 patentably defines features of the exposure apparatus 
and device manufacturing method of the present invention. AppUcant submits, therefore, that the 
instant application is in condition for allowance. Favorable reconsideration and an early Notice 
of Allowance are requested. 
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Applicant's undersigned attorney may be reached in our Washington, D.C. office by 
telephone at (202) 530-1010. All correspondence should be directed to our address listed below. 

Respectfully submitted, 



Attomey for Applicant 
Steven E. Warner 
Registration No. 33,326 



FITZPATRICK, CELLA, HARPER & SCINTO 
30 Rockefeller Plaza 
New York, New York 10112-3801 
Facsimile: (212)218-2200 



SEW/eab 
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Marked-Up Substitute Specification 
Divisional of Application No. 09/893,636 

INTERFERENCE SYSTEM AND 
SEMICONDUCTOR APPARATUS HAVING THE SAME 

~ This application is a divisional application of copending U.S. patent application 
number 09/893.636. filed on June 29. 2001. - 

FIELD OF THE INVENTION AND RELATED ART 

This invention relates to an interference system and a semiconductor exposure 
apparatus having the same. Particularly, the present invention is suitably applicable to a 
system, such as a wavefront aberration measuring machine for a projection lens used in a 
semiconductor device manufacturing exposure apparatus, for example, in which the length of 
the optical path is large and, additionally, high precision wavefront measurement is required 
through the wavelength of light rays usable for the measurement is restricted, and also in 
which the wavefront aberration of the projection lens should be measured while the lens is 
kept mounted on the apparatus. 

Conventionally, a transmission wavefront of a projection lens is a semiconductor 
device manufacturing exposure apparatus is measured, in many cases, by using a Fizeau type 



interferometer in which most of the light path for reference light and detection light is 
consistent, for attaining high precision measurement. In the wavefront measurement by using 
such a Fizeau type interferometer, a lens (projection lens)^ which is the subject to be 
measured^ is placed between a Fizeau plane (or surface) and a reflection reference mirror 
surface. The transmission wavefront of the subject to be measured is measured on the basis 
of interference of the two lights reflected by these two surfaces. For this reason, the Ught 
source to be used in a Fizeau type interferometer must be one which can emits emit light 
having a coherency more than twice that of the optical path length between the Fizeau plane 
and the reflection reference mirror surface, hi addition to this, the wavelength of light used 
for the wavefront measurement must be the same as or very close to the wavelength of 
exposure light to be used in the semiconductor exposure apparatus. For example, for 
measurement of the wavefront aberration of a projection lens where g-line light (435 nm) is 
used as exposure light, a HeCd laser which emits light of having a wavelength of 442 nm may 
be used. For measurement of the wavefront aberration of a projection lens where i-line light 
(365 nm) is used as exposure Hght, an Ar ion laser which emits light of having a wavelength 
of (365 nm) may be used. For measurement of the wavefront aberration of a projection lens 
whe r e when a KrF excimer laser (248 nm) is used as exposure light, a second harmonic of an 
Ar ion laser which emits light of having a wavelength of 248 nm may be used. However, for 
measurement of the wavefront aberration of a projection lens where when an ArF excimer 
laser (193 nm) is used as exposure light, a light source having a similar wavelength and a 
large coherence length is not currently available. Therefore, it is not possible to make a 
Fizeau type interferometer and, as a consequence, a Twyman-Green type interferometer is 



used. The latter is arranged so that, for the measurement of wavefront aberration, the optical 
path lengths for the reference light and the detection light are made equal to each other, such 
that the measurement is attainable even with the use of a light source having a short 
coherence length. 

SUMMARY OF THE INVENTION 

Reduction A reduction in size of a semiconductor device pattem requires a higher 
optical performance of a projection lens. Also, it needs high precision measurement for an 
interferometer for the lens measurement, and the projection lens itself should keep a very 
accurate optical performance. This means that the transmission wavefront of a projection 
lens should desirably be measured while the lens is kept moxmted on a semiconductor 
exposure apparatus. However, since in a Twyman-Green type interferometer the reference 
light and the detection light p ass e s pass along different optical paths, there is a disadvantage 
that it is easily influenced by an extemal disturbance. Additionally, because of the necessity 
of the reference light, the size of the interferometer becomes large, which is very inconvenient 
when the interferometer is mounted on the semiconductor exposure apparatus. 

It is accordingly an object of the present invention to provide a Fizeau type 
interferometer system capable of measuring wavefront aberration of a projection lens very 
accurately even where when a light source which emits light of a short coherence length is 
used, and also to provide an exposure apparatus having the same. 



It is another object of the present invention to provide an exposure apparatus with a 
Fizeau type interferometer, by which the transmission wavefront of a projection lens can be 
measured in a state that the projection lens is kept mounted. 

These and other objects, features and advantages of the present invention will become 
more apparent upon a consideration of the following description of the preferred 
embodiments of the present invention taken iii conjunction with the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

' Figure 1 is a schematic view of a main portion of an interference system according to 
an embodiment of the present invention, 

Figure 2 is a schematic view of a main portion of a semiconductor exposure apparatus 
having an interference system according to an embodiment of the present invention. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Figure 1 is a schematic view of a main portion of an interference system according to 
an embodiment of the present invention. In Figxire 1, light L emitted from a laser (light 
source) 1 enters an optical path length difference applying unit 101, With this unit 101 and 
by means of a beam splitter 2, the light L is divided into light LI directed to a mirror 3 and 
light L2 directed to a mirror 4. The light LI (L2) is reflected by the mirror 3 (4) and, after 
this, it retums to the beam splitter 2. The distance between the beam splitter 2 and the mirror 
3 is set to be longer than the distance between the beam splitter 2 and the mirror 4, by an 
amount corresponding to the optical path length D between a Fizeau plane 10 and a reflection 



reference mirror 12 (both to be described later). As a result of this, while both of the light LI 
passing through the beam splitter 2 and the light L2 reflected thereby are directed to a convex 
lens 5, and light L2 goes ahead of the light LI by an amount equal to the optical path length 
2D. The convex lens 5 and a pinhole 6 as well as a convex lens 7 are components which 
constitute a spatial filter 102 for producing a single spherical wave, and the pinhole 6 is 
disposed at the focal point position of the convex lens 5. Wlici e When the diameter of the 
pinhole 6 is set to be about a half of an Airy disc's diameter, the light emitted fi-om the 
pinhole 6 can be regarded as being an approximately spherical wave, such that the difference 
in wavefi-ont of the lights LI and L2 produced by the optical path length difference applying 
imit 101 can be removed. Here, the pinhole 6 may be replaced by a single-mode optical fiber, 
and similar advantageous results are attainable. The lights LI and L2 emitted fi-om the 
pinhole 6 are transformed by the convex lens 7 into parallel light, and then they are incident 
on a beam splitter 8. The light reflected by the beam splitter 8 enters a Fizeau lens 9 whose 
final surface is a Fizeau plane (surface) 10. In both of the lights LI and L2, a portion of the 
light is reflected by the Fizeau plane 10, whereby lights Llr and L2r are directed to the beam 
splitter 8. On the other hand, the remaining portion of the light passes through the Fizeau 
plane 10 as lights Lit and L2t, and they pass through a lens 1 1 which is the subject to be 
measured. Then, the light is reflected by a reflection reference mirror 12 and, again, passes 
through the lens 1 1 and the Fizeau lens 9 toward the beam splitter 8. These Ughts Llr, L2r, 
Lit and L2t as they pass through the beam splitter 8 go through an imaging lens 13, and they 
are incident on a camera 14, The imaging lens 13 is so designed and disposed that an 



entrance pupil of the lens 1 1 and the camera 14 are brought into an optically conj ugate 
relation with each other. Therefore, the pupil of the lens 1 1 is imaged on the camera 14. 

The elements denoted at 8 - 16 are components of a Fizeau interferometer 103. 

In this embodiment, Ught Llr of the two lights Llr and L2r as reflected by the Fizeau 
plane 10 is propagated through a long optical path by the optical path difference applying unit 
101, and light L2t of the two lights Lit and L2t as reflected by the reflection reference mirror 
12 is propagated through a short optical path by the imit 101 . The optical path difference (= 
Llr-L2t) between the lights Llr and L2t is set to be not greater than the coherence length AL 
of the light source 1. As a result, these two Hghts Llr and L2t can interfere with each other, 
such that the wavefront of the lens 1 1 disposed between the Fizeau plane 10 and the reflection 
reference mirror 12 can be measiu-ed. Also, since the optical path difference AD = 2(L1-L2) 
at the optical path difference applying xrnit 101 is kept not less than the coherence length AL 
of the light source, that is, AL<AD, there occurs no interference of any light other than those 
aforementioned, being adversely influential to the wavefront measurement. Further, even if 
the two tfght lights have different wavefronts as they are separated by the optical path 
difference applying unit, since both of them pass through a spatial filter before impinging on 
the Fizeau plane, it is assured that they have the same wavefront. Therefore, degradation of 
precision of the interference measurement can be avoided. 

As regards the optical disposition of the optical components described above, it is 
determined to satisfy the following relations, where when the optical path difference between 
two lights LI and L2 applied by the optical path difference applying unit 101 is AD (2D), the 
coherence length of the light source 1 is AL, and the optical path difference of the Fizeau 



interferometer (twice the optical path length between the Fizeau plane 10 and the reference 
surface 12) is AF: 

AL<AD 

|AD. AF| <AL, 

In this embodiment, among the lights Llr, L2r, Lit and L2t impinging on the camera 
14, the lights L2t and Llr interfere with each other upon the camera 14 since the optical path 
difference from the laser 1 to the camera 14 is not greater than the coherence length. 
Additionally, since the light L2t has passed the lens 1 1, whereas the light Llr has not passed 
it, an interference pattern produced thereby represents the shape of the wavefront upon the 
exit pupil of the lens 11. 

On the other hand, since the lights Llr and L2t have an optical path difference with 
the other lights L2r and Lit, of an aniount greater than the coherence length, any none of 
them d o cs n o t interfere interferes with the other. Therefore, these lights do not disturb the 
interfereince pattem produced by the lights L2t and Llr. The reflection reference mirror 12 
can be shifted in the optical axis direction, by means of a piezoelectric driving unit 15 being 
controlled by a computer 16. The computer 16 processes an imagewise output of the camera 

14 while shifting the reflection reference mirror 12, in accordance with a method which is 
well known in the art as a phase scan method, and the transmission wavefront of the lens 1 1 

is calculated. As a matter of course, the element to be shifted by the piezoelectric driving unit 

15 may be the Fizeau lens 9, the mirror 3 or the mirror 4. 

As described above, the interference system of this embodiment comprises an optical 
path difference applying unit which includes a beam splitter for dividing light emitted from a 



laser (light source 1) and re-combining the divided lights, and a mirror disposed so that the 
optical path difference in a portion where the two lights are kept separated from each other is 
not less than the coherence length of the light source and also that the difference with respect 
to the optical path length of a Fizeau interferometer (twice the optical path length between the 
reflection reference mirror and the Fizeau plane, constituting an interferometer) is not greater 
than the coherence length of the light source. Also, it further comprises a spatial filter 
disposed to assiu-e that the two lights passed through the optical path difference applying unit 
have the same wavefront, before they are incident on the Fizeau plane, and additionally, a 
Fizeau interferometer. 

Figure 2 is a schematic view of a main portion of a semiconductor exposure apparatus 
in which an interference system according to the present invention is incorporated. Laser 1 is 
used as a light source both for exposure of a wafer to print a reticle pattern thereof, and for 
the measurement. ' 

In Figure 2, a projection lens 17 corresponds to the lens 1 1 of Figure 1 to be. 
measured. Here, the projection lens 17 functions to project a pattem formed on the surface of 
a reticle (not shown) onto a wafer (not shown). Then, a known development process is 
performed to the wafer to which the pattem is printed by exposure, and semiconductor 
devices are produced. 

hi Figure 2, Hght L emitted from the laser 1 is reflected by a switching mirror 18, and 
it passes through an optical path difference applying unit 101, a spatial filter 102, and a beam 
splitter 19, sequentially. After this, the light is reflected by a mirror 20 and it enters a Fizeau 
lens 9 whose final surface is a Fizeau plane (surface) 10. After this, Hfcc as in the first 



embodiment of Figure 1, the transmission wavefront of the projection lens 17 (as the lens 1 1 
in Figure 1) can be calculated in the same manner. The curvature centers of the Fizeau plane 
10 and the reflection reference mirror 12 are disposed to be coincident with the reticle 
position and the wafer position with respect to the projection lens 17, respectively. The 
reference mirror 12 is disposed adjacent ts a wafer chuck 24 on the wafer stage 23, for 
carrying a wafer thereon. Through the motion of the wafer stage 23, the curvature center of 
the reference mirror 23 can be brought into registration with a desired image height in the 
range of the maximmn image heigh of the projection lens 17. On the other hand, both of the 
mirror 20 and the Fizeau lens 9 are mounted on a movable stage 22, such that, with the 
motion of hte stage 22, the curvature center of the Fizeau plane 10 can be moved to a position 
which is optically conjugate with the curvature center of the reference mirror 12 with respect 
to the projection lens 1 7. In this manner, at an arbitrary image height of the projection lens, 
the transmission wavefront can be measured. Here, the switching mirror 20 is made movable. 
For wafer exposure, the mirror is retracted out of the laser light path to allow that light enters 
an illumination optical system 21 for illuminating a reticle. Similarly, for the wafer exposure, 
through the motion of stage 22, the mirror 20 and the Fizeau lens 10 are retracted so as not to 
block the illumination light from the illumination optical system 21. It is to be noted that, in 
Figure 2, the imaging lens 13 and the computer 16 of Figure 1 are not illustrated. Further, 
while in this embodiment the interferometer light source functions also as a semiconductor 
exposure light source, a separate light source may be provided for the interferometer. 

In accordance with the embodiments of the present invention as described 
hereinbefore, there is provided a Fizeau type interference system and an exposure apparatus 
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having the same by which, even if a light source which emits light of a short coherence length 
is used, the wavefront aberration of a projection lens can be measured very precisely. 

Further, even whe r e when a long coherence length light source is not available for the 
transmission wavefront measurement so that a Fizeau interferometer being advantageous to 
the high precision measurement cann o t cannot be constmcted, with the present invention it 
becomes possible to perform measurement by means of a Fizeau interferometer, by the 
provision of an optical path difference applying unit and a spatial filter. Wlicre When such an 
interference system is incorporated into an exposure apparatus, the transmission wavefront of 
a projection optical system can be measured while the projection optical system is kept 
mounted. 

While the invention has been described with reference to the structures disclosed 
herein, it is not confined to the details set forth and this application is intended to cover such 
modifications or changes as may come within the purposes of the improvements or the scope 
of the following claims. 
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WHAT IS CLAIMED IS: 

1. (Canceled) A Fizeau interference sys t em f or causing interference be t ween 
r eflec t i o n liglits fi x >m a reflec t i o n surface aiid a semi"tiaiismissi o n sui - face, resp e c t ively, 
disp o sed al o ng o ne and t lie same o ptical axis, compii&iiig: 

a liglit soui ' c e ; 

an o ptical paUi difl e ience applying o p t ical system for dividing light fr o m said 
liglit s o ui ' ce into t w o liglits and f or r e-c o mbining them; and 

an intei ' fci ' cucc o ptical system for causing reflec t ion o f tlie t wo ligli t s pass e d 
through said o p t ical path difference applying o ptical system, at coiiesponding one of the 
r eflecti o n surface and tlie semi-transmission surface, and t o cause interference of tliem, 
wherein a diffcicace AF in o ptical patli length of the liglit reflected by said reflecti o n sui ' face 
and wi t h respect to the liglit reflected by the semi-transmissi o n surface satisfies the foll o wing 
relati o n, where t he optical pa t li difference AD, and the c o herence lengtli o f t he liglit from said 
light s o urce is AL: 

| AD- Ar| < AL, 

2. (Canceled) A Fizeau interference system acc o rding t o Claim 1, further c o m p rising 
a spatial filter disposed between said optical path difference applying optical system to said 
interference optical system, for reducing t he difierence in wav e fr o nt be t ween t he two liglits. 



3. (Canceled) A Fizeau in t erference sj/stem according to claim 2, wherein said spatial 
filter has a pinli o le disp o sed a t a conve r gent posi t ion of th e liglit. 
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4. (Canceled) A Fizcau inte r ference system f o r causing interference between 
reflec t i o n liglits from a reflecti o n sux ' face and a semi-ti ' ansniissi o n smfacc, respectively, 
disp o sed along one and tlic same optical axis, comprising: 

a ligli t source; 

an interferenc e optical system for causing reflecti o n of liglit fi ' om said light 
s o uire at cor r esponding one o f tlie reflec t i o n sui ' face and the semi -transmission sui ' face t o 
pr o duce interference; and 

an optical patli difference applying o ptical system disposed between said liglit 
som - ce and said interference optical system, for dividing liglit fr o m said liglit sou r ce into tw o 
liglits to be directed to tlie reflection surface and the semi-ti ' ansmissi o n sui ' face, respectively, 
and als o for re-combining them and directing them t o said inte r ference optical system, 
wherein said o ptical patli difference ap p lying means applies to tlic tw o liglits an o p tical path 
difference effective to reduce the o ptical path differenc e applied to the two liglits by said 
interferenc e o ptical system, t o be n o t gi - eater tlian the coherence length of the liglit from said 
light s o urc e . 

5. (Canceled) A Fizeau interference system accoitiing t o Claim 4, furth e r c o mprising 
a spatial filter disposed between said op t ical path difference applying optical system to said 
interference optical system, f o r r educing the diffe r ence in wavefron t betw e en the tw o lights. 

6. (Canceled) A Fizeau interference system acc o rding to claim 5, wherein said spa t ial 
filter has a pinli o lc disposed at a conv e rgent positi o n of th e liglit. 
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7. (Canceled) A piojcLti o n cxpcismc appaiatus, comprising: 

a pr o jecti o n exposui ' c system f o r printing an o riginal pattern on a 
photosensitive member by pr o j e cti o n; 
a liglit soui - c e ; 

an optical patli diffe r ence applying o ptical system for dividing liglit fr o m said 
liglit s o ui ' ce int o t w o liglits and f or r e-c o mbining t liem; and 

an interference o ptical system f o r causing reflection of tlie t w o liglits passed - 
tlirougli said o ptical patli difference applying optical system, at corresponding o n e o f th e 
reflection surfaces and the semi-transmission surface, and to cause in t erference o f them, 
wherein a difference AF in o p t ical path leng t h o f tlie liglit reflected by said r eflection sui ' face 
and with respec t to tlie liglit reflected by t h e s e mi-transmission smfacc satisfi e s the foll o wing 
relati o n, where the o ptical pa t h difference AD between the t wo liglits as applied by said 
o p t ical path diffe r ence applying o ptical sys t em is AD, and the c o herence leng t h of the liglit 
freni said ligli t s o ui ' ce is AL: 

|AD- AF | <AL. 

8. (Canceled) An apparatus acc o riing t o Claim 7, whe r ein said interference o ptical 
system seinres to direc t liglit into said projection optical system, and wherein the semi- 
tr ansmission sui ' face is disp o sed in a p o rtion of the liglit incidence p ath to said projecti o n 
optical system. 
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9. (Canceled) An apparatus acc o rding to Claim 7, fiulhci Luinprising a spatial filtci 
disp o sed between said o ptical patli difference applying optical system to said interference 
o ptical system, for reducing tlie difference in wavefron t be t ween t he t wo liglits. 

10. (Canceled) An appai ' a t us acc o rding t o Claim 7, whe r ein said spatial filte r has a 
pinliole disp o sed a t a c o nvergent position oftlie liglit. 

11. (Canceled) An apparatus according to Claim 7, wherein said liglit s o m ' ce is used 
also as a ligli t source f o r exp o sure printing t lie o riginal pattern on tlic photosensitive member. 

12. (Canceled) An appai - atus according t o Claim 7, wherein tli e semi-tiansmission 
surface is made reti - actable. 

I 

13. (Canceled) An appai - atus acc o rding to Claim 7, fmther c o mprising a r e ferenc e 
miiT o r dis po sed to reflec t liglit, passed tlu -o ugli said proj e ction optical system, to wai - d said 
p ro jection optical system, wherein the curvature center of said referenc e mirror is o ptically 
c o njugate witli the cm - vatui e center position of the senii-ti ansmissi o n sui - fac e . 

ft " 

14. (Canceled) A pr o jecti o n exp o sure apparatus, c o m p rising: 

a projec t ion exposure system for printing an original pattern on a 
phot o s e nsitive ni c niber, by projec t ion; 
a liglit source; 
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ail mtcrfcrence o ptical system f o r causing reflecti o n o f light fr om said liglit 
s o urce a t c o rresponding o ne of the reflection surface and tlie semi-transmission surface to 
pro duce inte r ference; and 

an o ptical path difference applying optical system disposed betwe e n said ligli t 
source and said interference o ptical system, f o r dividing liglit from said light souree in to tw o 
liglits to be directed t o tlie r e flec t i o n surface and tlie semi-transmissi o n surface, respectively, 
and als o f or re-c o mbining t liem and directmg them to said in t erference o p t ical system, 
wherein said optical path difference applying means applies t o tlie tw o lights an o ptical patli 
di f ference to reduce th e optical path difference applied to the two liglits by said int e rference 
o ptical system, t o be not gi ' cater than the coherence lengtli of tlie liglit from said liglit source. 

15. (Canceled) An apparatus acc o rding t o Claim 14, wherein said interference optical 
system serves t o direct t he liglit in to said projecti o n op tical syst e m, and wherein the semi- 
t r ansmission sui ' facc is disp o sed in a portion o f t he liglit incidence path to said projection 
optical syst e m. 

16. (Canceled) An appai ' atus acc o rding t o Claim 14, 4, further comprising a s p atial 
filter disp o sed between said optical path difference applying optical syst e m t o said 
interference optical system, for reducing the difference in wavefront between tlie two liglits. 

17. (Canceled) An appai ' atus acc o rding t o Claim 14, wherein said spatial filt e r has a 
pinliolc disp o sed at a convergent positi o n o f the liglit. 



41' 
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18. (Canceled) An appaiatus acc o rding to Claim 14, whcrc^in said liglil soui ' cc is used 
also as a liglit soui - cc for cxposui - e f o r prin t ing tlic o riginal pattern on the ph oto sensitive 
member, 

19. (Canceled) An apparatus aec o rdmg t o Claim 14, whe r em the semi-tiansmission 
surface is made retractable. 

20. (Canceled) An appara t us acc o rding to Claim 14, fui t her c o mprising a r eference 
mi rr or disposed to r eflect liglit, passed t lii ' ough said projec t ion optical system, towai ' d said 
projec t ion o p tical system, wherein the curvatu r e cen t er of said reference minor is optically 
c o njuga t e with tlie cuiTa t ui - e cen t e r p o siti o n o f t lie semi-ti - aiismission surface, 

21 . (New) An exposure apparatus for exposing a substrate with a pattern of an 
original, said apparatus comprising: 

a projection optical system for projecting the pattern of the original onto the 
substrate with light from a light source; and 

an interferometer for measuring an optical characteristic of said projection 
optical system by use of the light from said light source which passes a pinhole and said 
projection optical system, 

wherein the pinhole has a diameter which is smaller than a diameter of an Airy 

disc. 
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22. (New) An apparatus according to claim 21, wherein the diameter of the pinhole is 
about a half of the diameter of the Airy disc of the light from said light source. 

23. (New) An apparatus according to claim 21, wherein the optical characteristic is 
wavefront aberration. 

24. (New) An apparatus according to claim 21, wherein said interferometer is a 
Fizeau interferometer. 

25. (New) An exposure apparatus for exposing a substrate with a pattern of an 
original, said apparatus comprising: 

a projection optical system for projecting the pattern of the original onto the 
substrate with light from a light source; and 

a photosensitive element for detecting light from said light source which has 
passed a pinhole and said projection. optical system as an interference signal, 

wherein the pinhole has a diameter which is smaller than a diameter of an Airy 

disc. 

26. (New) A device manufacturing method, comprising the steps of: 

exposing a substrate with a pattern of an original by user of an exposure 

apparatus; and 

developing the exposed substrate. 



-18- 

wherein the exposure apparatus includes (i) a projection optical system for 
projecting the pattern of the original onto the substrate with light from a light source, and (ii) 
an interferometer for measuring an optical characteristic of the projection optical system by 
use of the light from the light source which passes a pinhole and the projection optical 
system, and wherein the pinhole has a diameter which is smaller than a diameter of an Airy 
disc. 



- 19- 

ABSTRACT OF THE DISCLOSURE 

Discl o sed is a Fizcau inteffe r encc system f o r causing interference between reflection 
ligli t s from a reflecti o n surface and a semi-transmissi o n sui - face, respectively, disposed along 
one and t lie same optical axis. Tlie interference system includes a liglit soui ' ce, an o ptical 
p a t h difference applying uptic^al system f o r dividing liglit fr o m the liglii soui - ce into two liglils 
and f o r re-c o mbining tliem, and an interference optical system for causing r eflection of the 
t w o liglits passed t lii ' ougli the optical patli difference applying optical system, at 
c o r r esponding one of tlie reflection sm face and tlic semi-transmission surface, and tu cause 
interference o f them, whe r ein a differenL e AF in o ptical path length of the liglit reflected by 
the reflection surface and with r espect to tlie liglit reflected by tlie semi-ti - ansmission sm - face 
sa t isfies a relatiun | AD-AF[ < AL, where Uie optical path difference AD between the two 
liglits as applied by t he optical path difference applying optical system AD, and the c o h er ence 
length uf t he liglit fr o m tlie ligh t som - ce is AL. 

— An exposure apparatus for exposing a substrate with a pattern of an original 
includes a projection optical system for projecting the pattern of the original onto the 
substrate with light from a light source, and an interferometer for measuring an optical 
characte ristic of the projection optical system bv use of the light from the light source, which 
passes a pinhole and the projection optical system. The pinhole has a diameter which is 
'smaller than a diameter of an Airy disc. — 



